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DEVELOFMEIT OF COWLING FOR LONG-NO3SE AIR-COOLE®ED
INGIKNE IN THE NACA FULL-SCALE WIND TUNNEL

By Abe Silverstein and Bugene R. Gur;ansky
INTRODUCTION

An investigation of cowlizngs for long-nose rafial
engines nas been made on the Curtiss XP-42 airplane in
tne FaCa full-ccale wind tunnel. The XF-42 airplane 1is
provided with & Fratt % Fhitney R-1620-231 enzgine, which
has & propeller shaft and bvearing nousiag that is 20
incires lecnger than the standard short-nocse engire of the
same series. Thkis Torward extension of the nropeller en-
ables the use of fuselage nose shares of higher fineness
ratio thar are possible with the olunter short-nose en-
gine., in the original Curtiss Company desizn of the
AP-42 airplane the pointed fnselaze nose was used (fig.
1) end sharp-ecdge scoops were added at tie bottom and top
of the covling for the engine-cooling and tae carburetor-
air inlets. Flight tests showed the high speed of the
airplane to bde comparadle witl, but rot supericr to, thast
of the P-36, whican is¢ a sinmilar airrlane witu a saort-
nose engine and a conventional NalCih cowling irstallation.
Inspection of the cowling scoops disclosed sources of
drag, ithe existence of which were substantiated by pre-
liminarry FACa flizht measurements. These tests showved
thaet the engine coolinzg air entered the lower scoop at
abourt half the airrlane flight velocity and that the
kinetic energy of this flow ras dissipated by the shars
caange in the air-flow Jdirection at the rear of the scrhop
and by the expansion from the small scoop area to large
area auead of the engine. {See fiz. 2.)

The existence of a lsrge interral ererzy loss dus to
the cooling-air flow was established and experience led
to the belief that a furtiier substantiasl external drag
wonld be edded by the flow over tihe gharp scoop edges.
The full-scale tunnel investigation was tuen instigated
for tae purzose of improving the original scoop covling
or develioping an efficient cowl of ano*her tyre.

Tae wind-tunnel program included arn initial iuvesti-
gation of the original 7-42 cowling, waichk was followed



&

1-241

the smooth airplene with tre scoop removed and the cowliang
sealed. Althoagh the internal losses largely accounted
for tre drng of the orizinal cowl, a substantial incre-
rent was also added by the sharp scoop edges. The drag
coefficient for the airplune ian the swooth conditlon (fig.
) served as a bese value for deteruining the drags of

all the modifications tested.,

Orizivel cowling with multiple scoopns.- In order to
avoid the large internal cowl losses, the single original
sharp-edge scoop was replaced with four smaller rounced
inlet ccoops (fig. 4). The use of mmltiple scoops ratiaer
than e single scoop Was advantageons both in obtaining
better diffuser passages and in avoiding the sharp bend
required in the single-scooyr arrangszment. A sketch show-
ing the detailed dimensiouns of the ducts is contained in
figure 5{(a). Tne resnlts obtaired with this arrangement,
which wags desiznsted cowl 1, are shown in table I.

The results were vunsatisfactory since it wngs found
that the flow was separating from the inner wall of the
duct pessages and owing to the negative precssures over
the top of the cowl in the clind condition, the flow
through the upcer scocp was reversed. As a result of the
flow breakdowrn iz ths duets, the pressure In front of the
engine averaged only abtout 0.5 the free-stream pressure
(fig. 6). The eir-flow guartities measured for thkree
exit areas of 57, 84, and 98 square inches were §&,870,
8,810, and 10,280 cubic feet per minute, respectively.
The drag coefficient corresponding to the 67-egquare-inch
outlet 2rea was 0.0023. Tae drag of the airplane with
the scoop outlets sealed and with the inlets unserled was
increased 0.0017 abtove the drag of the smooth airplane.

As a result of the difficulties encountered with the
four-scoop arrangenent, the top scoop was removed and the
scoop irlets were extended forward along the cowl about
11 inches (see fig., 7); with these changes the duct inlet
area was considerably reduced., (See fig. 5(1B).) The
modifications served to locate the inlet more nearly
normal to the local flow direction and to lengtnen the
diffusing passage. The results were somewhat more satis-
factory and the total pressures in front of the engine
we;e aigher tuan for the former arrangement. (5ee fige
Qe
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the measured air flov was lover tnan required and a larger
bottom outlet was conmstr:ucted (fig. 21(b)). Tre covl drag
coefficient for this arrangement was 0.0011 with air flow
of 12,800 cubic feet per minute., This drag is 0.0004
lower taan for the cowling with the smooth radial outlet
and is 0.0011 lower than the conventional flap outlet.

The large drag reductions effected with the ilmproved
outlets enphasize the importance of providing a smooth
outlet oun production airplanes. Although the single bot-
tom outlet will probadbly be insufficient to provide uni-
form cooling for all the engine cylinders, the result ob-
tained with this arrangement is of particular interest as
a reference for evaluating the drag of the outlets.

From pressure measurements 1in the diffuser of the
annular cowl 2 (fiz. 6), it was noted that tae total pres-
sure was less than 0.9 the free~-stream dynamic pressure,
Since it was expected that tiais value would be close to
stream pressure, the flow over the spinner was investi-
gated with tufts. It wzs found that flow reversal was
occurring on the ugpper part of the spinner at the inlet.
This phenomenon was furtner investigated by measurements
of pressures along the spinner, which are sinown in fig-
ures 12 and 13. In these figures the magnitade of the
pressure is indicated as the length of the vector norrmal
to the spinner surface. It will be noted that a large
adverse pressure gradient exists in the direction of air
flow, the value of which is indicated by the slope of the
pressure plots., TFor the climb condition the slope is
high forward on the spinzner and shows a Jjagged peak ahead
of the cowl inlet, For the high-speed 1ift coefficient
(€ = 0.150) the adverse pressure gradient is high toward

the forward part of the spinner and decreases several
inches ahead of the nose of the inlet. Iu agreement with
usual boundary-layer phenomena, the extent of tuft rever-
sal could te coordinated with the slope of the pressure
gradient along the spinner. Furtiher modification was then
made to cowl 2 (fig. 14) to reduce the pressure gradient
along the spinner. The inlet area for the cowling was re-
duced by increasing the spinner size (spinner B, fig. 9)
80 that the inlet-velocity ratio (Vi/V) was Increased
above O.5. With the higher inlet velocities, the diffuser
pressures were increased to approximately 0.979,. The

pressures on the spinner corresponding to the two outlet
conditions tested are shown in figures 15 and 16..
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indicates that the critical compressibility speed will
ocevr above 500 miles per hour at 20,000 feet sltitude,
The uniform recovery pressire on the inside of the duvuct
is demonstrated in figures 19 and 21,

COICLUSIONS

1., TLe long-aucse engine enabdbles the design of an
efficient annular iniet cowling owing to the length avail-
able for a diffusiag passage.

2. Tie ratio of the cooling~air velocity at the
cowling inlet to the stream velocity is cne of the most
immortant design variables for the annular inlet cowling
and this ratio skosuld not te less thaan adout 0.5,

3. The critical coupressitility speed for the long~
nose engine conwling can be extended to above 500 miles
per hour at 20,C00 feet altitude,

4, Important draz losses occur du: to the flow of
cooling air ont of conveutional cowling outlets with flap
gear and evyhanst collectors to disturd the flow,

Langley Memorial Aderonauntical Laboratory,
Natiornal advigory Commititee for Aeronauntics,
Langzley Field, Va.
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Table 1
TABLE 1. - SUMMARY OF RESULTS
Drag coefficlent
Coollng system
Exit (at 100 mph) Atr quantity| Inlet
Width area AGn at {cu ft per [veloclly
Oowl Bketch outlet | Test conditlons sqin.) © o, st |cp=B.15 min st ratl
openin? Dpsn D L 350 mph) vy
(1n. Cp=0.15 () v
ooth
without Sealed 0,0192 0,0203
original .
scoop
Smooth
with N Btand 67 | o. . . o.
original 1.k9 tandard 167 0232 0.02l43 0.0040 16,100 69
gcoop
Cowl 1 Sealed 0.0209 0.0220 0.0017
5/8 67 | .o212 .0226 .0023 6,970 0.15
G 3/4 ah 8,210 .19
1/8 98 10, 280 .23
Bealed [Pll cooler Open .0210 0224 . 0021
Qowl 1 Sealed [Scoops sealed 0,0194% 0.0209 0. 0006
modified -
5/8 " " .0196 .0209 . 0006
G 5/8 oops open 63 .0206 .0221 .0018 7,330 a23
3/4 L] . . 0208 L022k . 0021
7/8 . " 98 .0210 .0225 . 0022 10,900 o3l
| osrs Pt siarenteneds. 65 | .oz11 | .o22k | .o021 9,160 .28
7/8 3ame as 5/8 9 .021b 0227 L0024 12,700 .39
Cowl 2 Sealed 0,0200 | 0.0215 | 0.0012
Bpi:nex‘ 5/8 70 .0213 .0225 .0022 12,050 0,32
3/4 78 13,750 .36
. 7/8 98 .0216 .0230 .0027 17,000 S
8ealed 011 cocler open .0209 .0222 .0019
5/8 (2} 63 | .0204 .0218 .0015 12,040 .1
Sealed [Nose sealed 2 .0192 . 0206 .0003
. Bottom exit open 2 72 .0198 0214 ,0011 9,940 .26
. Modified bottom exit¥| 91 .0199 L0214 ,0011 12,800 .33
Modified botton exit? . .
b upper inlet sealed. 91 .0199 .0212 .00_09 13,550 5
Partial 5/8[Modified bottom exit®| 136 .0202 .0216 ,0013
*  5/8{pottom sealed 2 i €,150 .21
LI 771 " a 63 12,100 32
' o1-1/4 0 L & 90 .0209 0224 . 0021 18,600 ]
Cowl 2 o Sealed [Modified bottom & 91 | 0,0199 | 0.0209 | 0.0006 13,870 0,55
modifie
Spinner Partial5/8 " ] a 131 .0204 .0215 .0012 21,1%0 .83
B

. .
Cowl flap gaar removed and smooth exit installed.

b

Based on smooth condition with original scoop off; landing gear fairing removed; control surfaces unsealed;

and antenna on.
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Figure 14.- Tie XP-42 airplane in the smcoth condition with
cowl 2 modified and smooth cowl flaps,
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' Figure 3.~ The XP-42 airrplane in the céﬁfietely smooth condition
nounted in the full-scale tunnel,

The XP-42 airplene in the smcoth condition with cowl 1
and original cowl flaps.



Fig.5

...._‘n_lh : .LWM

—~ !i-o@w!l'.;

.@mw — .

| g2@ zw _

g9y L ORI | ,.
I M .
[ 0RO wm nEN_
cre  d ,
g6¢ 3 |

booet 006¢ | ,
oov J m
52@ mw 528 |
SUDOOIPOW S[T pUTT ROy =TT 5S¢ v

ﬁ_eo_nc..med._ vy bs TR UOTRG |
R =S

(%) (o) .

NACA

T72-T



'goanessxd 3e73n0 JUT{MO) ~ LT 9INIT4
ounssoId diwoulp wosyys-sads °h

"I9BIJITIP 397U Ul SINBISIY -9 SINFTH
2UNSSaud QINDUAP WOSHS - 2544 _ oo
BLiniado Jornp 0 1pad il 84rnSseud |Dioy | I
19 o g’ g’ I4 = 17

LIXS IMOD 4D SUNSS340 [DJOY) H
o7 8 g L4 2

Fige.8,17

I
| , . o ]
} 7 , <\ J - L * : : |
” \\ A \\ y 02 & 4__ VA 02
. | | I .\\ / _ | \
W W ” \D i \ ; _,
} \ _ ‘ :
W 7 _— ot kv\ ﬁ o
/

NACA

e S

!
!
!
B
|

|
|
:
I

bm.\x.\bos g o« - -

i
i
]
H

WO IPUOD JOUIDI) ——

m "
| paiipow |

_,‘_

— Oom,HQ\
' [ /Mo —O 020/

vV 0LB'E/

X 001’9/ A—
(gdw pge 40

ututfyg noj |

MOJf dtly ——]

JUWaINSo3UW JO h mto\Q
] | 1

1721

Q
©
dpb J1x3 jUS043d ‘SUCHIDIS [DII] I3/

-
o

0o/

T T T
I : !

< Jouuids’'e -

|
I
]
T
i
1
{

paljipow [
_ [ MO ———mm—()

A S R B

\QmEmChhomE 40 SuDlg”

s

|

i :_

Q
©

o
@Q
YppIM dISNfIIP JO JUSD43d ‘SUOIJDIS [DI14 434

00/



1=241

NACA

r i -

Figure 7.- The XP-42 airplane in the smcoth condit
modified and criginal cowl flaps.

b=

pinner A, and original cowl flaps.

| o : - -
Figure 2.- The XP-42 airplane in the smccth conditicn with ccvl 2,
s

ion with cowl 1
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Figure

(a) Bottom outlet

(b) Modified bottom outlet

11.- Cowl outlet on XP-42 airplane.
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Figure 15- Pressvre distribution over fop of spinner 8 with inlet velciy rorrs e ss
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